Objective: Children with bronchopulmonary dysplasia (BPD) often suffer from growth failure because of disturbances in energy balance with an increase of resting energy expenditure (REE). Evaluation of REE is a useful tool for nutritional management. Indirect calorimetry is an elective method for measuring REE, but it is time consuming and requires rigorous procedure. The objective of this study was to test accuracy of prediction equation to evaluate REE in BPD children. Patients and methods: Fifty-two children aged 4-10 years with BPD (30 boys and 22 girls) and 30 healthy lean children (20 boys and 10 girls) were enrolled. In this study, indirect calorimetry was compared to four prediction equations (Schoffield-W, Schoffield-HW, Harris-Benedict and Food and Agriculture Organization equation) using Bland-Altman pair wise comparison. Results: The Harris-Benedict equation was the best equation to predict REE in children with BPD, and Schoffield-W was the best in healthy children. For the children with chronic lung disease of prematurity the Harris-Benedict equation showed the lowest mean predicted REEÀREE measured by indirect calorimetry difference (difference ¼ 15 kcal/day; limits of agreement À266 and 236 kcal/day; 95% confidence interval for the bias À207 to 177 kcal/day), and graphically, the best agreement. For the group of healthy children, it was the Schofield-W equation (À2.9 kcal/day; limits of agreement À275 and 269 kcal/day; 95% confidence interval for the bias À171 to 165 kcal/day), and graphically, the best agreement. Conclusion: Differences in prediction equation are minimal compared to calorimetry. Prediction equation could be useful in the management of children with BPD.
Introduction
Bronchopulmonary dysplasia (BPD) is a frequent complication of very premature infants, and was first described by Northway et al. (Gregoire et al., 1998) . Several studies have demonstrated a higher resting energy expenditure (REE) in BPD compared to healthy children of the same age. This is one of the reasons that children with BPD often suffer from malnutrition (Farrell and Fiascone, 1997; Abrams, 2001) . REE represents 65-70% of daily energy expenditure in children who undertake normal sporting activity. As estimation of REE may have clinical implications for planning the energy allowances of children, REE is a useful tool for the nutritional management of patients with malnutrition (Béghin et al., 2000) . Indirect calorimetry is an elective method that provides high precision and can be used easily in clinical research, but this measurement needs a calorimeter, rigorous procedure and a specialized technician, and it is time consuming (Schutz and Deurenberg, 1996; Rodriguez et al., 2000) . Therefore, several equations are frequently used for predicting REE in clinical practice (Harris and Benedict, 1919; Schofield, 1985) . Several authors have proposed equations for predicting REE in children, but the accuracy of these equations in BPD has never been assessed. These equations were derived over the past 90 years by means of various types of indirect calorimetry. The first equations to predict REE from sex, age, weight and height were edited by Harris and Benedict (1919) . These equations were performed using data from 136 men, 103 women and 94 children. However, these equations give a 7 to 55% of error in the prediction of REE compared to measured REE. Schofield (1985) made a statistical screening of data from literature of the past 50 years to provide his predicted equation for REE. Then, in 1985 , the World Health Organization Committee (1985 published revised energy and protein requirements including the prediction equations. The Food and Agriculture Organization/World Health Organization/United Nations University (FAO/WHO/UNU) prediction equations for REE are based on a worldwide survey of 1100 technically acceptable measurements on individuals of all ages and sexes from underdeveloped and developed countries. The Schoffield equations included the FAO/WHO/UNU data and are based on a worldwide survey of measurement on individuals 3-18 years old from underdeveloped and developed countries. The Harris-Benedict equation results from a cohort of 241 adults and a small number of children. In this study, we therefore tested four equations in a sample of children with BPD and in a control group of healthy term children. The objective of the study was to compare the REE estimates from these equations with indirect calorimetry as a reference method in children with BPD.
Patients and method
The subjects in this study were 52 preterm children born with BPD (30 boys and 22 girls) and 30 healthy lean (À2 s.d. oZ-score weight/height o þ 2 s.d.) children (20 boys and 10 girls). BPD was defined as an oxygen requirement for at least 28 days (Jobe and Bancalari, 2001) . A sample of 52 children (22 girls, 30 boys) was studied out of 195 eligible patients within a certain age range (4-8 years). One hundred and forty-three eligible children were not included: 42 refused to participate, 60 were lost to follow-up, five moved to another region, 15 died and 21 have associated malformations (16 diaphragmatic hernia, five cardiologic malformations). Controls were recruited within a certain age range (4-8 years) among medical personal children. Time span of study was 12 months. Two children were measured per day. Measurements between BPD and control children were balanced.
Body weight and height were measured without shoes and with light indoor clothing. To determine body weight, a standard precision hospital scale was used. Height was measured with a wall-mounted stadiometer. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). Growth measurements were converted to Z-scores relative to the French growth references of Sempé et al. (1979) .
Fat mass (FM) and fat-free mass (FFM) were determined by anthropometry. Skinfold thickness was measured in triplicate on the left side of the body to the nearest 0.1 mm, using a Harpenden skinfold caliper (Eugedia, Cachan, France) at four different sites (triceps, biceps, subscapular, suprailiac) according to the standard anthropometric measurement, as previously described (Behnke and Wilmore, 1974) . Body density was calculated using the Brook's equation for children under 12 years (Brook, 1975) .
Exclusion criteria were a recent acute infection (lasting for less than 15 days), acute failure to thrive (unusual dyspnea, wheezing, sibilance), hypoxemia (O 2 sat o95%), nutritional support by enteral or parenteral feeding, or associated conditions known to alter body composition and REE (cardiac, neurological, digestive and pulmonary conditions).
All the children were non-obese (Z-score W/H o þ 2 s.d.). Characteristics of the subjects are reported in Table 1 . The anthropometric characteristics of the two populations were Finland) . The respiration quotient (RQ) and flow settings were calibrated by reference to alcohol combustion every 6 months, and with a reference gas mixture (95% O 2 , 5% CO 2 ) before each measurement. Inspired oxygen flow (VO 2 ), expired carbon dioxide flow (VCO2) and RQ were noted. The manufacturer certified a coefficient of variation (CV) of o2% for each measurement of VCO 2 and VO 2 flows and the RQ. REE was calculated every minute from oxygen consumption (VO 2 in ml/min) and production of carbon dioxide (VCO2 in ml/min) using the Weir's formula (Weir, 1949) .
Values automatically selected to compute individual REE using Weir's formula were those for which the CV was less than 10% for both VO 2 and VCO2, and was less than 10% for both VO 2 and VCO2, and was less than 5% for RQ (Ashley et al., 2001 ). Values with a higher variation were automatically excluded from REE computing by 'the built in sensitive artifact algorithm' of the Deltatrac II. This procedure gave a CV less than 6% for REE measurement. The intra-subject CV of REE measurement by deltatrac II has already been evaluated in control by Molnar and Schutz (1998) and was less than 3%. Inter-subject CV of repeated REE measurement has also been evaluated in eight consecutive sets of measurement in 12 infants by Schulze et al. (1986) and was 5.6%. REE was measured after a fast ranging from 10 to 12 h. After an adaptation period of 15 min under a transparent canopy system, continuous respiratory exchange measurements were initiated. The measurements were conducted for a minimum period of 30 min. REE was defined as a CV less than 10% for VO 2 and dilution airflow, and of less than 5% for RQ. An RQ under 0.80 indicated the fasted state of the children at the time of calorimetry recording. Patients were excluded if RQ40.8.
Predicting equations
The four pediatric equations for predicting REE that were used for this study are detailed in Table 1 (Harris and Benedict, 1919; Schofield, 1985) .
Predicted REE (pREE) was calculated in all children and compared with REE measured by indirect calorimetry (mREE).
Statistical analysis
Results for the predicting REE were compared to REE measured using the unpaired Student's t-test. This was defined as the difference between the measured data with indirect calorimetry as the reference method (mREE) and the predicted data (pREE). The difference was significant for Po0.05. Agreement between methods of determining REE was assessed using the Bland-Altman method (Bland and Altman, 1986) . The lack of agreement between methods can be evaluated by calculating the bias, estimated from the mean difference and the standard deviation of the difference, to examine the precision of the individual regression equation. Data are expressed as mean7s.d. Bland-Altman plotting was performed for the assessment of validity and reproducibility. When two series of paired measurements were compared, the results were analyzed in two steps according to the recommendations of Bland and Altman. First, the correlation between measurement values (equation of the linear relationship, correlation coefficient r, and P-value) was investigated. The first step was used to gauge the degree of agreement between REE measured and REE predicted by equations. Second, the relative (positive or negative) differences between each pair of measures were plotted against the mean of the pair to make sure that no obvious relation appeared between the estimated value mean and difference. The mean difference and the s.d. of the differences estimated the lack of agreement between the two measurements. Unpaired Student' 't'-test was used for comparisons between the two groups. Values of Po0.05 was considered to indicate statistical significance.
Results
Nutritional and health status of children The nutritional characteristics of the children are detailed in Table 2 . In the group of children with history of BPD, 34 children had normal nutritional status (10 girls and 24 boys) and 18 had under-nutrition as defined by a Z weight/Height oÀ2 s.d. (12 girls and six boys). None were obese. In the control group, every child had normal nutritional status.
Descriptive statistics for results of REE In the BPD group, mean REE was 921 kcal/day (s.d. 94), and 70 kcal/day (s.d. 22) when corrected to FFM (REE/FFM). In the control group, mean REE was 1153 kcal/day (s.d. 211) and 52 kcal/day (s.d. 9) when corrected to FFM (REE/FFM). Energetic data of REE, VO 2 , VCO2 and RQ are detailed in Table 3 .
Bland-Altman results
Data of the Bland-Altman plot of the difference between the mREE by indirect calorimetry and pREE predicted by several
Resting energy expenditure in bronchopulmonary dysplasia L Bott et al equations are presented in Table 4 for children with BPD and Table 5 for controls. For the children with chronic lung disease of prematurity, the Harris-Benedict equation showed the lowest mean pREEÀmREE difference (difference ¼ 15 kcal/day; limits of agreement À266 and 236 kcal/day; 95% confidence interval (CI) for the bias À207 to 177 kcal/day), and graphically, the best agreement (Figure 1 ). For the group of healthy children, it was the Schofield-W equation (À29 kcal/day; limits of agreement À275 and 269 kcal/day; 95% CI for the bias À171 to 165 kcal/ day), and graphically, the best agreement (Figure 2 ).
Discussion
In premature infants, BPD requires weeks or months of additional ventilation support and supplemental oxygen (Kurzner et al., 1988) . In the neonatal period, it has been shown that the energy expenditure of BPD children is Resting energy expenditure in bronchopulmonary dysplasia L Bott et al usually high because of increased effort in breathing, and therefore they have increased caloric needs (De Meer et al., 1997) . However, other alternative theories exist to explain the increase in REE of BPD children. It has been shown that improving the pulmonary function and therefore decreasing the work of breathing does not reduce oxygen consumption of BPD infants (Kao et al., 1988 ). An animal study has shown that the lungs with either acute or chronic lung injuries consume large amount of energy, presumably as a result of infiltration with inflammatory cells or the repair process (Fok et al., 2001) . Good nutrition is essential in these chronically ill infants (Schols et al., 1991) . In the neonatal period, although the daily energy requirement of a given patient is based on the estimated REE, it is often necessary to restrict the daily fluid intake to 100-120 ml/kg/day (Atkinson, 2001 ). This avoids the development of pulmonary congestion or edema (Filippone et al., 2003) . It also presents a challenge to provide adequate calories. However, little is known about energy requirements in later childhood. Those children with history of BPD can develop chronic reduced lung compliance and increased airway resistance (Bancalari et al., 2003) . Several studies have shown that children with history of BPD often suffer from undernutrition and growth retardation (Kurzner et al., 1988; De Meer et al., 1997; Farrell and Fiascone, 1997; Gregoire et al., 1998) . Evaluation of REE is a key factor in the management of children with BPD, to ensure adequate catch-up growth through intake of adequate energy. Estimation of total energy requirements has to be based on the estimation of an optimal REE. REE may currently be provided by a prediction equation. Nevertheless, those prediction equations have been tested in the healthy population of adulthood. Furthermore, predicted REE equations, usually, do not accurately or precisely estimate REE in children. In many publications, Schofield-HW equation is considered to be the best prediction equation in healthy children (Maffeis et al., 1993; Molnar et al., 1995; Béghin et al., 2000; Jobe and Bancalari, 2001 ). However, these prediction equations have never been tested in the BPD population.
Our study shows that the prediction equation underestimates REE in 4-to 8-year-old children with BPD. Indirect calorimetry is considered as a reference and an accurate technique for assessing REE as it has been validated in children with rigorous regard to procedure (Maffeis et al., 1993; Goran et al., 1994; Molnar et al., 1995; Sentongo et al., 2000) . At the time of this study, the population did not benefit from nutritional support or medical treatment that could interfere with the uptake of oxygen. Furthermore, children did not present with acute infectious or respiratory distress at the time of the study. We can therefore hypothesize that indirect calorimetry accurately measured REE in our patients. Indirect calorimetry is useful in clinical research, but it is time consuming and requires rigorous procedure. For these reasons, indirect calorimetry is not convenient for the evaluation of energy requirements in clinical practice (Firouzbakhsh et al., 1993; Bandini et al., 1995; Kaplan et al., 1995) . Several prediction equations have been developed that are more convenient in clinical practice (Firouzbakhsh et al., 1993; Bandini et al., 1995; Kaplan et al., 1995) . The FAO/WHO/UNU equations result from a study of more than 7500 people 3-18 years of age (Firouzbakhsh et al., 1993; Bandini et al., 1995; Kaplan et al., 1995) . The reasons for the discrepancy between measured and estimated REE in our population is not clear. Previous studies during early childhood in BPD patients have shown that REE was higher than in healthy children (Kurzner et al., 1988; De Meer et al., 1997) . Reasons suggested to explain this increased REE were increased effort in breathing, infections and a different body composition with consistent decrease of FM (Kurzner et al., 1988; De Meer et al., 1997) . Premature children with chronic lung disease usually have respiratory problems in later childhood (airflow obstruction, distension). REE is positively correlated with their pulmonary illness (Kurzner et al., 1988; De Meer et al., 1997) . Patients with chronic obstructive pulmonary disease have an increased consumption of the respiratory muscles secondary to an increased resistive load and impaired efficiency of the respiratory muscles (De Meer et al., 1997) . Although not clinically obvious in our population, aged 4 to 8 years, persistent chronic obstructive pulmonary disease could explain the discrepancy in measured REE compared with the prediction equation. Future study should correlate functional respiratory tests with REE in BPD.
REE is correlated with weight, height, age, sex, FFM and FM both in adult and childhood (Maffeis et al., 1993) . The best predictor of REE in childhood is FFM, which indicates the highest metabolic activity (Hsu et al., 2003) . Tissues that constitute FFM have various degrees of metabolic activity (Hsu et al., 2003) . Organs like the brain, liver, heart and kidney are made of high-energy-using cell mass (460% of REE) (Hsu et al., 2003) . Muscles have a lower metabolic rate (30% of REE). Children with BPD, like other children with chronic obstructive disease, usually have growth failure and decreased FM and FFM (Kistorp et al., 2000) . When malnutrition occurs, the body loss alters body fat and muscle Resting energy expenditure in bronchopulmonary dysplasia L Bott et al mass, but the high-metabolic tissues (brain, heart, liver and kidney) are conserved (Dumas et al., 1997) . Therefore, highmetabolic tissues comprise a greater proportion of body weight, which leads to an increased REE (Dumas et al., 1997; Kistorp et al., 2000 ) . Comparison of REE related to FFM or active cellular mass in BPD could also provide an answer to this question. The Harris-Benedict equation is usually used in adults as it has been mostly validated in adults and comprise only a reduced number of children (Brook, 1975) . Among the prediction equation tested, Harris-Benedict equation was the only one that considered age. In children with failure to thrive age and malnutrition are characteristics significantly associated with underestimated REE when FAO/ WHO/UNU or the two Schofield equations are used (Kistorp et al., 2000) . Furthermore, REE decline with age because of a decrease in the proportion of the highest metabolically FFM tissues and a change in the metabolic rate of individual organs (Kurzner et al., 1988) .
Children with chronic lung disease of prematurity present malnutrition with a decrease in FM and in low metabolic FFM (Goran et al., 1994; Ashley et al., 2001; Atkinson, 2001; Fok et al., 2001) . REE, for these reasons, prediction equation should be precisely correlated with age in the population with BPD. The Harris-Benedict and the Schofield equations underestimated REE in healthy children, at the opposite of FAO/WHO/UNU equation that overestimated REE in healthy children. In children with bronchodysplasia, every equation tested underestimated REE.
The increase of REE in BPD could explain why the prediction equation underestimates REE. Therefore, data used to develop a new prediction equation for REE should especially reflect FFM and the possibility of chronic lung disease with reduced lung compliance or increased airway resistance. Nevertheless, differences in prediction equation are minimal compared to calorimetry. Therefore, from a practical point of view, the prediction equation could be a useful tool in the management of children with BPD for predicting adequate energy requirements, in order to prevent undernutrition and to ensure adequate catch-up growth.
